Abstract. The role of information technology in modern education has increased significantly over the past two decades [14] . The opportunity to develop an interactive software system with the aim of enhancing fundamental problem-solving skills of learners enrolled for the Computer Science, Information Technology and Mathematics programs at tertiary institutions is possible with object-oriented programming techniques and multi-dimensional graphic design. The definition of fundamental problem-solving skills includes cognitive functional skills such as logical thinking, conceptualism with prior knowledge, relationship forming and objective analysis. Experiments done for this research indicate that given the right educational tools, cognitive functional skills of learners can be stimulated, developed and enhanced. This, in turn, may lead to an increase in the graduation rates of learners enrolled for the Computer Science, Information Technology and Mathematics program and ultimately contribute to the reshaping of the educational experience.
Introduction: Low Graduation Rates
In a report titled Towards a new higher education landscape: Meeting the equity, quality and social development imperatives of South Africa in the 21st century, South Africa, the government of South Africa stated that unacceptably large numbers and proportions of students drop out of the tertiary education system. The higher education system's intake of first-time entering undergraduates has averaged about 120 000 for the past few years. At least 30 000 (25%) of these new under-graduate students drop out of universities or technikons at the end of their first year of study. The total number of students that drop out of South African universities and technikons (technikons are renamed as Technical Universities) is at least 100 000 students per year, out of an enrolment total of about 600 000 students. Another major aspect of inefficiency in the system is the retention of failing students in the system. A number of institutions report poor success rates by course (averages of 70% and below), and low graduation rates (often 15% or below).
According to the 1996-2001 research report on retention and graduation rates at the University of Kentucky [1] , USA, the term graduation rates reflects the percentage of full-time learners in the cohort who earned a bachelor's degree (or higher level degree) within a specified number of years. Cohorts refer to classes of first-time, full-time degree-seeking learners. This report indicates that the average 6-year graduation rate (earning a bachelor's or higher degree within 6 years) for first-time, fulltime and first-year degree-seeking learners is 57.7%.
In a report by the Association for Institutional Research Forum [2] , USA, the results of the 5-year graduation rates of first-time, full-time freshmen at 53 public universities are shown. The graduation rates vary from 25.7% to 77.1%. The average 5-year graduation rate is 54.8%. Significant to this report is the student migration patterns across programs. Of the 112,000 graduates in the database, only 9.3% graduated in the Sciences and Mathematics program compared to Social Sciences with 22.5% and Business, Management & Public Administration with 26%.
At Brock University [3] , Canada, a report on the graduation rates for programs during the period 1993-1999 was compiled and published by the Ministry of Training, Colleges and Universities. The 7-year graduation rate for the Computer Science program is 61.8%. In contrast with this is the 7-year graduation rate of 97.6% for the Education program, 80.5% for the Applied Health Sciences and 79.1% for the Social Sciences program.
At the McMaster University [4] , Canada, not even one learner in the Computer Science program graduated within the first 5 years after enrollment in 1992. The South African Department of Education [5] stated that South Africa is not excluded from the international trend of a significantly low graduation rate for learners enrolled in the fields of Applied Technology, Engineering and Computer Science. One of the contributing factors to this troublesome situation is the lack of adequate fundamental problemsolving skills of learners enrolled for these programs [7] .
Purpose of this study
The purpose of this paper is to propose an object-oriented, multi-dimen-sional software tool with the aim of testing, developing and enhancing fundamental problem-solving skills of learners enrolled for the Computer Science, Information Technology and Mathematics program. Experimental results show a significant improvement in the cognitive functional skills such as logical and structural thinking of learners who used this software tool in a pilot study over a period of two months or longer.
Fundamental problem solving skills
In South Africa the pass rates (percentage of learners passing a specific course/module/subject for the first time enrolled) for programming courses at tertiary institutions are problematically low, and the situation is deteriorating. Results from a preliminary study conducted in South Africa at two universities to evaluate the fundamental problem-solving skills of learners enrolled for programming courses, clearly indicate the need for educational tools to enhance their logical, structural and critical thinking [7] .
To be logical involves three simple steps: 1) be observant (notice things, data and events), 2) identify a pattern, and 3) reasoning (give a cause for a phenomenon) [9] . Computer Science, Information Technology and Mathematics are three subjects that require an in-depth knowledge of fundamental problem-solving concepts. These concepts include cognitive functional skills such as logical thinking, conceptualism with prior knowledge, relationship forming and objective analysis [8] . Given the right educational tools, fundamental problem-solving skills of learners can be stimulated, developed and enhanced. This, in turn, may lead to a significant increase in the pass rates of learners.
Object-oriented programming
Objects are the central idea behind object-oriented programming, and the basic idea behind an object is that of simulation. Most programs are written with very little reference to real-world objects. In object-oriented methodology, a program should be written to simulate the states and activities of real world objects. When modeling an object, the methods associated with that object must also be taken in consideration. A method is an operation that can modify an objects' behavior. In other words, it is something that will change an object by manipulating its variables [11] . One of the principal advantages of object-oriented programming techniques over conventional programming techniques is that it enables programmers to create modules that do not need to be changed when a new type of object is added. A programmer can simply create a new object that inherits many of its features from existing objects. In addition, pro-grammers can create relationships between one object and another. This makes object oriented programs easier to modify [12] .
Logical and structural thinking development tool (LST)
Modern technology provides us with the tools we need to create a more dynamic, interactive environment for learners [10] . Object-oriented programming techniques and multidimensional graphic design have unlocked the opportunity of developing an interactive software system (LST -Logical and Structural Thinking development tool) to enhance fundamental problem-solving skills of learners enrolled for programmes in Computer Science, Information Technology and Mathematics. Techniques and object-oriented concepts used in developing the LST development tool include two-and three-dimensional graphics, simulation, dynamic linking (making code re-usable to avoid re-implementation), encapsulation (information hiding), artificial intelligence (complex decision making and intelligent reasoning) and file encryption and decryption.
LST design structure
The LST development tool consists of two separate modules: the question Developer and the question Viewer. The facilitator uses the Developer to design and develop any number of logical and structural thinking questions within specified boundaries. These questions are saved to a file structure. The learner does not have any access to the Developer module. The Viewer is used to display the questions and potential answers to the learner. Each question has one or more hints to guide the learner towards the correct answer. The learner has the choice of completing an electronic test without the aid of hints, or simply working through one or more of the question categories using the available hints. In either case the score of the learner is written to a database to enable the facilitator to keep track of the learner's progress. LST can function on both a standalone personal computer and a local area network. Assessments can be completed electronically or in printed format.
The layout and design structure of the LST development tool consist of the following components. 
I/O System [NON-VISUAL]:
This non-visual class provides an interface with the local file system to store all question-related information in encrypted format.
TANGRAMS Engine [NON-VISUAL]:
This engine enforces the rules defined by the TANGRAMS concept.
TANGRAMS Display [VISUAL]
: Does all the drawing and editing options of the TANGRAMS Engine.
Question, Answer and Hint Interface [VISUAL]
: Question Interface, Answer Interface, and Hint Interface. All three interfaces provide a format and layout for the respective areas, thus, how the questions, answers and hints will be displayed.
Summary Display [VISUAL]:
Provides easy access to the questions and displays all the information of the question list.
Test Compiler Interface [VISUAL]:
Provides the user with a compiler to assemble a list of questions. Used to test the progress of the student.
Development and Design Interface [VISUAL]
: Provides a controlled environment to display all information.
LST question categories
The questions built into the LST development tool can be divided into four main categories. Each main category can contain any number of subcategories. The degree of difficulty for each sub-category can be set to easy, medium or difficult.
Logic and mathematics
This main category allows the facilitator to develop questions in plain text format. Images and 3D objects may be included in the questions, and the answer format may consist of five short-answers, five images or five 3D
objects. The hint and answer formats are the same. Although the system allows for any number of subcategories to be defined, the current question file system consists of the following three sub-categories.
•
Mathematics -text
Example. A factory manufactures kitchenware. 6 Electric knives are manufactured for every 3 electric kettles. In a month the factory produces a total of 684 electric knives and kettles. How many of these are kettles? Example. What comes in the place of the question mark in the following sequence?
2D Area and logic
This category's aim is to test, develop and enhance the two-dimensional thinking of the learner. Most of the questions will be compiled using plain text and a bitmap image, although an image and text or 3D objects with short text are also allowed. The answer and hint formats are the same for all categories. The current question file system consists of the following three subcategories.
• 
3D Volume and logic
The aim of the 3D Volume and Logic category is to test, develop and enhance the three-dimensional thinking of the learner. A various number of questions, answer and hint formats are possible. It can be summarized as follows (any permutation of these formats may be combined into a single question.).
Question format Answer format:
Full text Five short answers
Image and text Five images 3D object and short text Five 3D objects
Hint format Degree of difficulty:

Full text Easy
Image Medium
3D object Difficult None
The current question file system consists of the following two sub-categories.
• Views
Example. Given a pyramid as seen from the front right corner. Find the top view. 
Tangrams
A tangram is an ancient Chinese moving piece puzzle, consisting of 7 geometric shapes. The tangram is a square that is cut in such a way that it gives you two big triangles, one medium triangle, two small triangles, one square, and one parallelogram. They can be arranged to make interesting shapes [13] . The LST development tool uses the basic idea behind tangrams, but any number and combination of the given geometric shapes may be used to build a puzzle. Also, it is not compulsory for a puzzle to contain each of the 7 shapes.
The outline of the puzzle is displayed to the learner, with each of the geometric shapes required to fill the puzzle neatly arranged next to the outline. The learner has to drag, and rotate if necessary, each shape into its correct position. Where more than one solution is possible for the same puzzle, LST is intelligent enough to recognize and acknowledge these solutions.
Hints are available to the learner. Each time the learner requests a hint, one piece of the puzzle is randomly selected and displayed. An intelligent randomizer is used to avoid the display of the same puzzle piece twice. 
Experimental results
The objective of the pilot study was to determine whether the LST development tool could successfully be used to develop and enhance fundamental problem-solving skills of learners. All first, second and third level Information Technology learners at the Vaal University of Technology were involved in pre-post tests from August -October 2003. These learners completed a printed LST test during the last week of August. Afterwards the learners of each level were randomly subdivided into a control group and an experimental group.
Learners in the three control groups completed another printed LST test during the last week of October. The two tests contained similar questions, four from each of the subcategories, a total of 32 questions. Learners in the three experimental groups also completed the second printed test, but in addition they used the online LST Viewer to do exercises in all question categories on a weekly basis, 90 minutes per week for eight weeks. The third level experimental group used LST for ten weeks. The Viewer was used in the period between the writing of the two tests. The results are shown in the following graphs. 
Conclusion
The graphs clearly indicate that the results of the learners in the experimental groups improved significantly from test 1 to test 2 on all three levels. The experimental group on the third level showed the highest increase: from 54% for test 1 to 75% for test 2. It is also this group of learners who used LST for two weeks longer than the other two experimental groups. The results of the control groups show a decrease on level 1 and 3, and an increase on level 2. Variables to be considered might be a slightly more difficult second test, an above-average intelligent second level group and the random assignment of groups.
We conclude that, with the frequent use of the LST Viewer, fundamental problem-solving skills of learners may be stimulated, developed and enhanced. This, in turn, may lead to an increase in pass rates of learners enrolled for the Computer Science and Information Technology program at academic institutions.
